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(54) Organic electrolyte battery 

(57) The present invention relates to an organic 
electrolyte battery configured by sealing power gener- 
ating elements comprising an organic electrolyte by a 
positive can, a negative can and a gasket, wherein said 
organic electrolyte includes a lithium salt containing a 
sulfonic acid group as a solute and at least one selected 
from a group consisting of sulfolane, 3-methyl sulfolane 



and Tetraglyme as a solvent. The aim of the invention 
is to provide an organic electrolyte battery having an ex- 
cellent discharge performance in a low temperature en- 
vironment and a superior reliability during long term stor- 
age, as well as a high temperature resistance which en- 
ables the battery to be mounted onto a substrate ac- 
cording to the Reflow method. 
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Description 

BACKGROUND OF THE INVENTION 

5 r0001] The present invention relales to a battery including an organic electrolyte (organic electrolyte battery) used 
for primary or memory back-up power sources of electronic appliances. More particularly, the 
to a coin-shaped organic electrolyte battery with thermal resistance at a high temperature which can be mounted onto 
a circuit substrate by automatic soldering according to the Reflow method. _ Qlootr „ ni - 

[00021 Organic electrolyte batteries generally have a high energy density so that rt is possible to make the electronic 

w appliances compact and light. Also, they have superior reliability in terms of storage characteristics and leakage ^ e- 
sistence so that there is an increasing demand for them as primary and memory back-up power sources for various 
electronic appliances. Majority of this type of batteries are unchargeable primary batteries. Representative examptes 
are batteries using metallte lithium as a negative electrode, and manganese dioxide, carbon fluoride, thionyl chlor.de, 
sulfur dioxide or silver chromate as a positive electrode. ■ fc ' „, BWl , mc „ 

is ro0031 Recently, rechargeable secondary batteries have been developed, and particular^, coin-shaped lithium sec- 
ondary batteries using a lithium-aluminum alloy or the likehave been in practical use for several years. Among these 
batteries, those using vanadium pentoxide orjithium manganate as a positive electrode are generally used. 
r00041 A common organic electrolyte of such secondary batteries is one obtained by dissolv.ng a lithium salt as a 
solute in a mixture solvent which contains a solvent having a high boiling point and a high dielectric constant and a 

20 solvent having a low boiling point and a low viscosity. For example, one or more solvents ^^ h ^2 n c «*^ 
propylene carbonate, butylene carbonate and r-butylolactone are used as the solvent having a high boiling pomt and 
a hidh dielectric constant. The low-viscosrty solvents mixed for reducing viscosity and thereby en hancingoond^v ty 
are intended to facilitate movement of lithium tans and ensure smooth discharge reaction of the batteries. For example, 
one or more sorvents such as 1 . 2-dimethoxyethano. 1 , 2-diethoxyethane, tetrahydrof uran and 1 , 3-d.oxorane are used 

25 for this purpose. As the solute, lithium salts such as LiCI0 4 , LiBF 4 , LiPF 6 are generally known. _ 
rOOOS] However, the batteries including the above-described organic electrolyte have various problems, if left under 
a high temperature. For example, the organic electrolyte evaporates at a high temperature in the battery to be obtained. 
Especially, the low boiling point solvents in the mixture soK/ent, which are retained in a separator, evaporate due to 
the boiling point of as low as around 100°C. Also, the above-mentioned lithium salts thermally decompose at a high 

30 temperature, thereby losing their function, since many of these limiumsaftshaveathermaldecompos,t.on temperature 
of around 100°C. This means occurrence of a problem which promotes deterioration of battery performance. Therefor* 
the organic electrolyte batteries have a limited temperature at which they can be used, with the.r upper limit set at 60 

rooSr Under tbese circumstances, vigorous development is recently in progress on extremely compact, coin-shaped 
35 secondary batteries having a diameter of not more than 6 mm to serve as memory back-up power sources for small- 
sized portable appliances. In order to mount such extremely compact battenesonto print substrates, there has been 
a method proposed for mounting lead terminals of the batteries by an automatic soldering using theReflow method^ 
Accordingtott,is prop<^l..howev e r. the internal temperatu 

time, and reaches as high as 250 C for dozens of seconds at the peak. Therefore, as descnbed above, rt the batter es 
of normal configuration are caused to pass the Reflow lurnace. the organic electrolyte instanthy vaporizes to raise 
internal pressure of the batteries, which may result in explosion of the batteries themselves. ; . 

rbOOTi in addition, it is also important whether each component of the organic electrolyte batteries has sufficient 
thermal resistance. Generally, a gasket insulating a positive can and a negative can (a seal plate) and a separator 
irisulatinga positive electrode anda negative electrode are made of polypropylene. Since thermosoften.ng tempera ure 
of polypropylene is 100 to 120»C, the gasket and the separator are damaged by heat, when they are exposed to a 
much higher temperature than the thermosoftening temperature in passing the Reflow furnace. 
robOBl In order to solve the problems of the batteries induced by such high temperature environment there has been 
another proposal for organic electrolyte batteries wherein battery components are conferred thermal resistance (for 
example Japanese Laid-open Patent Publication Hei 8-321 2B7). The organic electrolyte battenes accord.ng to this 
50 proposalcomprises an organic electrolyte obtained by disserving a lithium salt as a solute in an organic solvent having 
a boiling point of not less than 170°C, a separator of porous synthetic resin sheet having a bo.Hng point of not less 
than 170»C and a gasket of thermoplastic synthetic resin which can be continuously used at least at 150 rc 
roOOOl More particularly, the proposed batteries use an organic electrolyte comprising lithium borofluoride dissolved 
as a solute in a solvent containing r-butylolactone, a separator and a gasket made of heat resistant res.n such as 

roS^How^Tthe proposed organic electrolyte batteries are intended to be used and stored in an environment of 
more han 150'C for a long period, thereby not having enough thermal resistance to withstand the temperature of not 
less than 250°C required for the Reflow method. Therefore, they also have the same problems as conventional other 
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batteries such as the acute vaporization of the organic solvents, the decomposition of the solute and the damage of 
the gasket and the separator. 

[0011] As described above, the currently available organic electrolyte batteries do not have enough thermal resist- 
ance to endure 250°C of the Reflow furnace. As the result, the organic electrolyte batteries cannot yet be mounted 
5 onto a circuit substrate by the automatic soldering according to the Reflow method. 

[0012] Therefore, an aim of the present invention is to provide an organic electrolyte battery having a high thermal 
resistance at a high temperature that has never accomplished before by combining solvents with lithium salts, both 
having thermal resistance and reliability. 

[0013] A further, aim of the present invention is to provide an organic electrolyte battery having excellent thermal 
10 resistance that can endure the temperature of about 250°C required for the automatic soldering according to the Reflow 
method, by employing highly heat resistant materials compatible with an organic electrolyte for battery components 
such as a gasket and a separator. 

* SUMMARY OF THE INVENTION 

15 

[0014] The present invention relates to an organic electrolyte battery configured by sealing power generating ele- 
ments comprising a positive electrode, a negative electrode, a separator which isolates both electrodes and an organic 
electrolyte by a positive can to serve as a positive terminal, a negative can to serve as a negative terminal and a gasket. 
The organic electrolyte battery of the present invention is characterized in that the above-mentioned organic electrolyte 
20 includes a lithium salt containing a sulfonic acid group as the solute and at least one selected from a group consisting 
of sulfolane, 3-methyl sulfolane and Tetraglyme (CH 3 0(CH 2 CH 2 0)4CH3; tetraethyleneglycol dimethylether) as the sol- 
vent, j ' ' 

[0015] It is preferable that said lithium salt containing a sulfonic acid group is lithium trifluoromethanesulfonate or a 
lithium salt containing an imide bond in the molecule. 
25 [0016] Also, it is preferable that said lithium salt containing ah imide bond in the molecule is lithium bisperfluoromethyl 
sulfonyl imide or lithium bisperfluoroethyl sulfonyl imide. 

[0017] Also, it is preferable that said gasket is made of pofyphenylene sulfide and that the above-mentioned separator 
is made of polyphenylene sulfide or cellulose. . 

[0018] Also, it is preferable that a sealant made of at least one selected from a group consisting of isobutylene- 
30 isoprene rubber, styrene-butadiene rubber and fluorocarbon resin of which a part of the side chains is substituted with 
a silicon resin is disposed at a portion where the above-mentioned gasket is in contact with the above-mentioned 
positive can and negative can. 

[0019] The above organic electrolyte battery can be applied to both primary and secondary battery. 
35 BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWING 

[0020] . FIG. 1 is a longitudinal cross-sectional view of the organic electrolyte battery produced in examples. 

DETAILED DESCRIPTION OF THE INVENTION 

40 ' .-. : • . 

[0021] In order to solve the above problems, the present invention provides an organic electrolyte battery which is 
configured by sealing power generating elements by a positive can, a negative can and a gasket, wherein the organic 
electrolyte includes a lithium salt containing a sulfonic acid group as the solute and at least one selected from a group 
consisting of sulfolane, 3-methyl sulfolane and Tetraglyme as the solvent. 

45 [0022] First, explanation will be given for the solute of the present invention. For the organic electrolyte used in the 
present invention, a lithium salt containing a sulfonic acid group is used as the solute. It is considered that the lithium 
salt which may be exposed to a high temperature is required to have the following two major properties. 
[0023] The first property is thermal decomposition temperature of the lithium salt. Lithium perch lorate (LiCI0 4 ), lithium 
hexafluorophosphate (LiPf 6 ) and the like, generally used as a lithium salt for the organic electrolyte battery, have a. 

so thermal decomposition temperature of around 100°C. Thus, if they are exposed to a high temperature of 250°C even 
though for a moment, their function as a lithium salt is deteriorated or lost due to the thermal decomposition and 
abnormal battery reaction. Contrary to this, a lithium salt containing a sulfonic acid group in the structure is generally 
known to have a high thermal decomposition temperature. Especially, lithium bisperfluoromethyl sulfonyl imide (LiN 
(CF 3 S0 2 ) 2 ) or lithium bisperfluoroethyl sulfonyl imide (LiN(C 2 F 5 S02) 2 ) has a thermal decomposition temperature re- 

55 markably higher than 200°C and they are still stable even when left under the temperature of as high as 250°C to 
develop a smooth battery reaction. 

[0024] The second property is influence on conductivity of the electrolyte. The higher conductivity of the electrolyte 
is preferable, and such conductivity is one of the most important factors which enables the battery to discharge a large 



3 



EP0 975 042 A2 



amount of electric current, it is common to add a low viscosity solvent such as diethylene carbonate, 1,2-dimethox- 
yethane or 1,2 diethoxyethane to the electrolyte, in order to reduce viscosity, enhance mobility of lithium ions and 
ensure smooth discharge reaction of the battery. However, these solvents lower the boiling point of the electrolyte itself 
due to their boiling point of as low as around 100°C, thereby not appropriate for the use as described above, therefore, 
5 it is required to use a lithium salt exhibiting a high conductivity when dissolved. 

[0025] On the other hand, particularly lithium bisperfluoromethyl sulfonyl imide or lithium bisperfluoroethyl sulfonyl 
imide has an imide bond in the molecular structure and mobility of their dissociation salts becomes high. Therefore, it 
is possible without the use of the low viscosity solvents to give conductivity to some extent and a smooth discharge 
reaction. 

10 [0026] Also, in case a lithium-aluminum alloy is used for the negative electrode, if a lithium salt has an imide bond, 
it has been discovered that the high conductivity of the lithium salt facilitates lithium dispersion on a surface of the 
aluminum alloy during lithium electrical deposition to drastically improve charge/discharge cycle performance. 
[0027] For the above-stated reasons, , it is preferable for remarkably improving high thermal resistance at a high 
temperature of the organic electrolyte battery to be obtained, in the present invention, to use lithium trifluorometh- 

15 anesulfonate (LiCF 3 S0 3 ), or lithium bisperfluoromethyl sulfonyl imide or lithium bisperfluoroethyl sulfonyl imide having 
an imide bond in the molecule as a lithium salt containing a sulfonic acid group. 

[0028] Next, explanation will be further given for the solvent of the organic electrolyte of the present invention. 
[0029] The solvent of the present invention contains at least one selected from the group consisting of sulfolane, 
: 3-methyl sulfolane and Tetraglyme as the main component. 

20 

(1) In case only sulfolane is used 

[0030] Since the Reflow furnace becomes as high;as 250 8 C, it is desirable that the boiling point of the solvent of the 
electrolyte is higher than 250°C. The boiling point of propylene carbonate or ethylene carbonate commonly used as 

25 . the organic solvent is not more than 250 C. Thus, it is preferable to use a solvent containing sulfolane as the main 
; component in the present invention; Sulfolane has a boiling point of about 280° C which is higher than the temperature • 
of the Reflow furnace. And sulfolane is relatively in a stable condition at 250°C, although it has the vapor pressure at 
250°C. In addition, by dissolving the above-mentioned lithium salt containing a sulfonic acid group as a solute, the 
organic electrolyte including sulfolane has a further raised boiling point due to elevation of boiling point, thereby working 

30 effectively. 



(2) In case only Tetraglyme is used 

[0031] Tetraglyme has a boiling point of 275°C, which is higher than the internal temperature of the Reflow furnace. 
35 Thus, in the temperature range of around 250° C, Tetraglyme is in a stable condition, though it has a rather high vapor 
pressure. Also, since the above-mentioned lithium salt is dissolved as a solute, the organic electrolyte of the present 
invention including Tetraglyme as the main component has a hjgher boiling 
elevation of molar boiling point, thereby working effectively in the high tern 

also has a favorable property in a low temperature environment in addition to the above-mentioned high temperature 
4o environment. One of the important requirements of the organic electrolyte battery is satisfactory discharge performance 
.: in the low temperature environment. Generally, solvents of high boiling point tend to have a high melting point and a 
high viscosity. Thus, such solvents make the conductivity of the electrolyte low in the low temperature range, if the 
temperature is lowered to -20° C, for example, lithium ions of the organic electrolyte are prevented from moving effec- 
tively so that little discharge capacity can be obtained. On the contrary, Tetraglyme has a low melting point of -30° C 
45 although it has a high boiling point of 275*0, and is characterized by a wide temperature range of about 300°C in which 
Tetraglyme remains in the state of solution. By using Tetraglyme as a solvent, the organic electrolyte can maintain the 
conductivity even under the environment of -20*0. Also, the use of Tetraglyme as a solvent makes it possible to facilitate 
the movement of the lithium ions during discharge reaction and maintain the discharge capacity in a wide temperature j 
range. \ 

so 

(3) In case only 3-methyl sulfolane is used 

[0032] The organic electrolyte including an organic solvent comprising mainly 3-methyl sulfolane is physically rather 
stable as a solvent at 250°C, which is the highest temperature of the Reflow furnace, although it has a vapor pressure 
55 at 250°C. This is because 3-methyl sulfolane has a boiling point of about 275°C. Also, this organic electrolyte dissolving 
the above-mentioned lithium salt as a solute has a much higher boiling point than the highest temperature of the Reflow 
furnace due to the elevation of molar boiling point. Therefore, this organic electrolyte functions effectively in the man- 
ufacturing environment exposed to the high temperature. 
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[0033] In addition to the safeguards against the high temperature atmosphere as described above, the organic elec- 
trolyte battery is required to have a satisfactory discharge performance at the temperature of not more than -20°C. 
However, solvents of high boiling point have a high melting point and thus make the conductivity of the obtained elec- 
trolyte low in the low temperature range. Therefore, lithium ions are unable to move effectively in the organic electrolyte 

s in the low temperature environment of around -20°C so that little discharge capacity can be obtained, actually The 
3-methyl sulfolane used in the present invention is characterized by the relatively low melting point of about 6°C in 
spite of the high boiling point of about 275°C. Also, by dissolving the above-mentioned lithium salt in the solvent, the 
melting point of the electrolyte is lowered due to the depression of molar freezing point, which makes it possible to 
obtain an electrolyte having conductivity in the environment of -20 C. Therefore, the battery using this organic electrolyte 

io enables the movement of lithium during discharge reaction to give a good discharge capacity in the temperature en- 
vironment of not more than -20°C. 

(4) In case sulfolane and 3-methyl sulforane are used 

is [0034] Sulfolane has a freezing point of 28°C. When the sulfolane is used as a solvent of the organic electrolyte, a 
lithium salt as the solute causes the depression of freezing point to lower the freezing temperature of sulfolane, thus 
enabling the use of this electrolyte in an ordinary temperature range. However, this organic electrolyte cannot be used 
at the temperature of not more than -20 C. Also, sulfolane has a relatively low conductivity in the low temperature 
range, which may lead to a large decline of discharge performance of the organic electrolyte battery. 

20 [0035] On the other hand, 3-methyl sulfolane has a freezing point of 6°C. As described above, the depression of 
freezing point induced by the use of lithium salt contributes to the conductivity of the organic electrolyte even at the 
temperature of -20°C. Therefore, the low temperature property of sulfolane can be improved by mixing 3-methyl sul- 
folane having a superior low temperature property with sulfolane. The mixing ratio of 3-methyl sulfolane contained in 
a mixture solvent of sulfolane and 3-methyl sulfolane is preferably 10 to 90 vol%. 

25 [0036] If the mixing ratio of 3-methyl sulfolnae is more than 20 vol%, effects of the depression of molar freezing point 
due to 3-methyl sulfolane are intensified. 

[0037] Especially, if the mixing ratio of 3-methyl sulfolnae is more than 40 vol%, the effects of the depression of molar 
freezing point due to 3-metyl sulfolane are further intensified. In this case, it is possible to obtain a large discharge 
capacity in the temperature range of not more than -20°C without deteriorating the high temperature property, compared 
30 . to the case only 3-methy! sulfolane is used. 

[0038] The organic electrolyte including the above-mentioned mixture solvent is less reactive to the positive electrode 
and the negative electrode and is hardly decomposed to evolve a gas, compared to the organic electrolyte including 
Tetraglyme, and has a superior long storage characteristic. 

35 (5). In case sulfolane and Tetraglyme are used 

[0039] As described above, when sulfolane is used as the solvent of the organic electrolyte, the obtained electrolyte 
can be used in the ordinary temperature range by lowering of the freezing temperature of sulfolane. However, this, 
organic electrolyte cannot be used at the temperature of not more than -20°C. Therefore, by using a mixture solvent 

40 of sulfolane and Tetraglyme, further improvement of the low temperature property can be realized. 

[0040] When Tetraglyme is mixed with sulfolane, viscosity of the organic electrolyte is decreased to improve absorp- 
tion of the electrolyte at the positive electrode, so that the low temperature property is improved. On the other hand, ; 
the boiling point of sulfolane is about 287°C and the boiling point of Tetraglyme is about 275*0, so their boiling points 
are higher than the internal temperature of the Reflow furnace. Therefore, sulfolane and Tetraglyme have a . stable 

4$ property against the high temperature atmosphere during the passage of the Reflow furnace, so that the organic elec- 
trolyte using the mixture solvent does not decompose in the high temperature environment. 

[0041] For example, the battery using the organic electrolyte with the mixing ratio of Tetraglyme at 5 vol%can maintain 
not less than 30% of the discharge capacity at 25°C even in the environment of not more than -20°C. In addition, such 
battery never causes decline of the discharge performance. 
so [0042] Thus, the organic electrolyte including Tetraglyme mixed with sulfolane makes it possible to improve the dis- 
charge performance in the low temperature range which can be a problem when only sulfolane is used, even if the 
ratio of Tetraglyme contained in the solvent is small. 

[0043] The mixing ratio of Tetraglyme contained in the mixture solvent of sulfolane and Tetraglyme is preferably 1 to 
90 vol%. Particularly, the mixture solvent containing Tetraglyme in a range of 5 to 60 voi% provides an organic electrolyte 
55 battery having a superior long term reliability and an excellent discharge performance at a low temperature. 

[0044] However, the ratio of Tetraglyme is more than 90 vol%, the self -discharging rate is increased, which influences 
the effects obtained by the use of Tetraglyme, i.e. the long term reliability. With regard to the thermal resistance at a 
high temperature, there is no difference observed between the organic solvent comprising only Tetraglyme or sulfolane 
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and the mixture solvent including sulfolane and Tetraglyme. 

(6) In case 3-methylsulfolane and Tetraglyme are used 

5 [0045] 3-methylsulfolane has a superior property in the low temperature environment as well as in the high temper- 
ature environment, therefore, it is a solvent appropriate for the use in a wide temperature range. However, viscosity of 
3-methyl sulfolane in an ordinary temperature range is higher than that of sulfolane and Tetraglyme. Thus, the battery 
including only 3-methyl sulfolane as the solvent has an inferior discharge performance in the ordinary temperature 
range to the battery including sulfolane and Tetraglyme. 

10 [0046] The viscosity of 3-methyl sulfolane is lowered by adding Tetraglyme thereto. Then, conductivity of the organic 
electrolyte using this mixture solvent is heightened, so that the discharge performance in the ordinary temperature 
range is improved. The improvement of the conductivity is also observed in the low temperature environment. And, 
with the depression of the freezing point induced by dissolving the solute into 3-methyl sulfolane, the discharge per- 
formance in the low temperature environment becomes more favorable; The mixing ratio of 3-methyl sulfolane con- 

15 tained in the mixture solvent of 3-methyl sulfolane and Tetraglyme is preferably in a range of 10 to 90 vol%. 

(7) In case sulfolane, 3-methyl sulfolane and Tetraglyme are used 

■. [0047] As described above, Sulfolane and 3-methyl sulfolane have a freezing point of 28° C and 6° C respectively. 

20 The organic electrolyte battery including only these two solvents may cause a deterioration of the discharge perform- 
ance due to the low conductivity of the solvents in the low temperature range. However, if Tetraglyme is added to the 
mixture solvent of sulfolane and 3-methyl sulfolane, viscosity of the electrolyte is decreased to improve absorption of 
the electrolyte by the positive electrode, so that the low temperature property may be further improved. 
[0048] The mixing ratio of Tetraglyme contained in the mixture solvent comprising sulfojane, 3-metyl sulfolane and 

25 Tetraglyme is preferably in a range of 1 to 90 vol%. Particularly, if the ratio of Tetraglyme is in a range of 5 to 60 yol%, ".■ 
it is possible to provide a battery with a long term reliability and a superior discharge performance at the low temperature. 
However, if the ratio of Tetraglyme is more than 90 vol%, the self-discharging rate is increased, influencing the effects 
obtained by the use of sulfolane and 3 : methyl sulfolane, that is, the long term reliability. As per thermal resistance at 
a high temperature, there is no difference observed between the organic solvent comprising only Tetraglyme and the 

so mixture solvent including sulfolane, 3-methyl sulfolane and tetraglyme. 

[0049] As described above, the solvent constituting the organic electrolyte of the present invention contains at least 
one selected from the group consisting of Tetraglyme, sulfolane and 3-methyj sulfolane as the main component. But V 
the solvent of the present invention may contain other conventional solvents such as ethylene carbonate, propylene 
carbonate, butylene carbonate and f butylolactone in a range where the effects of the present invention are not dete- 

35 riorated. The mixing ratio of these conventional solvents contained in the organic solvent of the present invention should 
be 0.1. to 30 vol%. Preferably, the ratio is 0.3 to 10 vol%. 

[0050] Next, explanation will be given for the other battery components of the present invention. 
[0051] The gasket also has a function as an insulating packing to insulate the positive can and the negative can and 
is fabricated by injection molding into a shape to fit an internal surface of the positive can. The separator is preferably 
- 40 made of nonwoven fabric of polypheny lene sulfide. Also, a paper separator of cellulose can be substituted for this 
... separator. : 

[0052] Polyphenylene sulfide used for the separator and the gasket of the present invention has been selected from 
the viewpoint of stability against the electrolyte as well as thermal resistance. Polyphenylene sulfide has a thermbsof- 
tening temperature of not less than 200° C and is free from heat distortion at the temperatu re of about 250° C, if a filler 

45 such as glass fiber is added. It is thus possible to maintain each function of the gasket and the separator in the high 
temperature environment of the Ref low furnace. Cellulose also has the same effects as described above. 
[0053] Also, polyphenylene sulfide is not soluble in any of the solvents of Tetraglyme, sulfolane and 3-methyl sulfolane 
used for the organic electrolyte of the present invention, thus having a chemically stability. This stability of polyphenylene 
sulfide makes it possible to obtain a long term reliability. 

so [0054] Further, in the present invention, it is preferable that a sealant made of at least one selected from a group 
consisting of isobutylene-isoprene rubber, styrene-butadiene rubber and fluorocarbon resin of which a part of the side 
chains is substituted with a silicon resin is disposed at a portion where the above-mentioned gasket is in contact with 
the. above-mentioned positive can and negative can. 

[0055] Conventionally, pitch has been used as a sealant of the organic electrolyte battery. Pitch is inexpensive and 
55 effective in sealing, but lacks thermal resistance. Since pitch melts to liquid in the environment of about 250° C, sealing 
effects cannot be obtained. On the other hand, the above-mentioned gasket of the present invention has a high thermal 
resistance. Therefore, when the gasket is caused to pass the Reflow furnace, the gasket has little dimensional defor- 
mation due to heat so that excellent sealing effects can be maintained. 
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[0056] The sealant is required to have properties appropriate for the use as a sealant. As described above, the 
sealant is placed between the gasket and the positive/negative can. Between the gasket and the positive/negative 
can, exists an extremely small space. The size of such space is varied microscopically according to the condition of 
the surface of the positive/negative can and the gasket and is not uniform over the sealing portion of the battery case. 
The sealant is intended to seal or close the above-mentioned space, so it is required that the sealant is deformable 
according to the dimensional change of the space and is able to be firmly adhered to the positive/negative can and 
the gasket. 

[0057] For such requirements of the sealant, Mooney viscosity and unsaturation ratio should be preferably applied 
to the evaluation criteria for the properties of isobutylene-isoprene rubber and styrene-butadiene rubber. Mooney vis- 
cosity is a fundamental figure of representing rubber strength. Mooney viscosity is the numerically represented resist- 
ance obtained when shearing force is applied at a certain temperature to a rubber between two discs. Meanwhile, the 
unsaturation ratio means a ratio of sites having a double bond in a molecular structure. As this value increases, adhesion 
property improves. 

[0058] Another property required for the sealant is chemical stability against the organic electrolyte. The sealant is 
disposed on the surface of the gasket and is in contact with the organic electrolyte in the battery case. Therefore, the 
sealant is required to have the chemical stability which prevents the sealant from being decomposed by the organic 
electrolyte and giving adverse effects on the organic electrolyte, as well as the thermal resistance described above. 
The organic electrolyte of the present invention does not dissolve the above-mentioned sealant and the battery con- 
figured by using the above-mentioned electrolyte and the sealant causes no leakage. 

[0059] As regards the sealant of the present invention, isobutylene-isoprene rubber is a copolymer of isobutylene 
and isoprene, and for example, the isobutylene-isoprene rubber represented by the chemical formula (1): 
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wherein m = 3, n = 97 may be used for the present invention. Especially, it is preferable in terms of mechanical properties 
to use the isobutylene-isoprene rubber having a Mooney viscosity at 100°C of 20 to 1 00 and an unsaturation ratio of 
0.1 to 5 mol%. Moreover, it is most appropriate to use the isobutylene-isoprene rubber having a Mooney viscosity of 
35 30 to 80 and an unsaturation ratio of 0.5 to 3.5 mol%. 

[0060] Also, as the styrene-butadiene rubber, the styrene-butadiene rubber, which is a copolymer of styrene and 
butadiene,- may be represented by the chemical formula (2): 
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~ (cH 2 Ch)^-(CH 2 CH =CHCH2 )— 




50 



wherein x = 1, y = 6. Especially, it is preferable in terms of mechanical properties to use the styrene-butadiene rubber 
having a Mooney viscosity at 100 C of 20 to 150 and an unsaturation ratio of 8 to 20 mol%. Moreover, it is most 
appropriate to use the styrene-butadiene rubber having a Mooney viscosity of 35 to 75 and an unsaturation ratio of 1 0 
to 18 mol%. Also, weight ratio of styrene/butadiene constituting the styrene-butadiene rubber is preferably 20 / 80 to 
35/65.' 

[0061] Further, as the fluorocarbon resin of which a part of the side chains is substituted with a silicon resin, for 
example, the fluorocarbon resin represented by the chemical formula (3): 



55 



(CF a CF b CF c CF d ^ r S iOH 
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may be used for the present invention. 

[0062] Furthermore, as the fluorocarbon resin, for example, TFE-propylene of fluorocarbon resin represented by the 
chemical formula (4): . ■ - 

5 . 

CH 3 

— (CF 2 -CF 2 -CH -CH 2 ^— S i OH 

10 

or VDF of fluorocarbon resin represented by the chemical formula (5): 

— (CF 2 -CH 2 -CF-CH 2 ^— S i OH 

is preferably used for the present invention. 

20 [0063] The sealant of the present invention, being dissolved in a volatile organic solvent, is applied to the gasket or 
the positive/negative can. The volatile organic solvents used for the present invention include volatile solvents of a low 
boiling point such as methylethyl ketone, xylene, chloroform, dichloroethane, dichloromethane, toluene, cyclohexane 
and petroleum ether From these volatile solvents, an appropriate solvent can be selected according to the kind of the 
sealant used. Also, mixing ratio by weight of the above-mentioned sealant to the volatile organic solvent is 0.1 / 99.9 

25 to 20 / 80, preferably 1 / 99 to 10 / 90, 

[0064] As described above, the organic electrolyte battery in accordance with the present invention has succeeded 
in obtaining enough thermal resistance to withstand the high temperature of about 250° C by combination of the power 
generating elements and the sealant having a high thermal resistance at a high temperature. Therefore, it is possible 
to mount the battery of the present invention onto a substrate by the automatic soldering according to the Reflow 

30 method. 

EXAMPLES 
Experiment 1 

[0065] FIG. 1 shows a schematic longitudinal sectional view of an organic electrolyte battery fabricated for this ex- 
periment in accordance with the present invention. The battery has a diameter of 6.8 mm and a thickness of 2.1 mm. 
For a positive can 1 to serve as a positive terminal and a negative can (occasionally referred to as "seal plate 0 ) 2 to 
serve as a negative terminal, stainless steel having a superior corrosion resistance was used. A gasket 3 insulating 
/ 40 ■:. the positive can 1 and the negative can 2 was made of PPS. Pitch was applied to the surface of the gasket 3 which 
was in contact with the positive can and the negative can. The positive electrode 4 was prepared as follows. An active 
material lithium manganate was mixed with carbon black as a conductive agent and a powder of fluorocarbon resin 
as a binder, and the mixture was molded to a pellet of 4 mm in diameter and 1 .2 mm in thickness, followed by drying 
at 250°C for 1 2 hours. The negative electrode 5 was formed by punching out an aluminum-manganese alloy containing 
45 metallic manganese in a weight ratio of 5% into a disc of 4 mm in diameter and 0.3 mm in thickness and was provided 
inside of the negative can 2. 

[0066] Also, in assembling the battery, a metallic lithium foil was pressurized and adhered onto the surface of the 
aluminum alloy, and lithium was then absorbed in the presence of an electrolyte into the aluminum alloy to electro- 
chemically produce a lithium-aluminum alloy. This was used as the negative electrode. A carbon film 7 to serve as a 

so current collector was formed on the middle of the inside of the positive can 1, and the positive electrode 4 and a 
separator 6 made of PPS nonwoven fabric were mounted on top of the carbon film. Then, after charging the electrolyte, 
the negative can 2 provided with the negative electrode 5 and the gasket 3 was jointed with the positive can 1 , and 
the opening end of the positive can was fastened to the periphery of the gasket to seal the battery. 
[0067] The electrolyte used for the battery of the above-described configuration included as a lithium salt lithium 

ss bisperfluoromethyl sulfonyl imide dissolved at a concentration of 1 mol/l in a mixture solvent containing sulfolane and 
propylene carbonate in a volumetric ratio of 5 : 1 . This electrolyte of 1 5jal was charged to the battery, which was named 
A-1. 

[0068] Also, another battery named A-2 was produced in the same manner as the battery A-1 except for the use of 
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lithium trifluoromethanesuffonate as a lithium salt. 

[0069] For comparison, a battery A-3 was produced in the same manner as the battery A-1 except for the use of 
propylene carbonate as a solvent 

[0070] Also, for comparison, another battery A-4 was produced in the same manner as the battery A-1 except for 
5 the use of a mixture solvent containing sulfolane and 1,2-dimethoxy ethane in a volumetric ratio of 2 : 1 . 

[0071 ] Further, for comparison, still another battery A-5 was produced in the same manner as the battery A-1 except 
for the use of lithium hexafluorophosphate as a lithium salt. 

[0072] Furthermore, for comparison, another battery A-6 was produced in the same manner as the battery A-1 except 
for the use of lithium perchlorate as a lithium salt. 
10 [0073] Next, a battery A-7 was produced in the same manner as the battery A-1 except for the use of a separator 
made of polypropylene non woven fabric. 

[0074] Thereafter, a battery A-8 was produced in the same manner as the battery A-1 except for the use of a gasket 
made of polypropylene. 

[0075] Finally, a battery A-9 was produced in the same manner as the battery A-1 except for the use of a solvent 
containing only sulfolane. 

[Evaluation] 

[0076] The initial internal resistance (Alternating current anodizing method; 1 kHz) of the batteries thus produced A- 
20 1 to A-9 was examined, then discharge capacity was measured at 20*0, with the load of 100 kQ connected. The 
discharge capacity was obtained, based on the ratio against the theoretical capacity of lithium' manganate which was 
. .defined as 100. Next, with a constant current of 0.1 mA, charge/discharge cycle test was performed by setting the 
upper limit of voltage at 3 r 25 V and the lower limit at 2.0 V, to obtain the maximum number of charge/discharge cycle. 
[0077] Thereafter, each of the batteries was actually caused to pass a high frequency heating Reflow furnace to 
25 perform a Reflow furnace passage resistance test. The temperature profile of the Reflow furnace test comprised a 
preliminary heating process of 180°C for 2 minutes, a heating process of 180°C for 30 seconds, 245°C for 30 seconds 
and 180°C for 30 seconds and a natural cooling process to cool to room temperature. The batteries were caused to 
pass the furnace three times altogether, while being subjected to visual inspection and voltage examination. After that, 
"the internal resistance of these batteries was measured again, and the value obtained was compared to the initial value 
30 to examine the degree of deterioration of the batteries. Table 1 shows the combination of battery constituting compo- 
nents and Table 2 lists the results of the test. 
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[0078] According to Table 2, the battery A-1 of the present invention had discharge capacity of 94% of the theoretical 
value and showed no abnormality after the Reflow furnace passage test was performed three times. Also, the internal 
resistance remained almost unchanged even after the passage of the furnace. This means that the battery was free 
from thermal damage due to the passage of the Reflow furnace and gave a favorable result. The battery A-2 using 

s lithium trifluoromethanesulfonate as a lithium salt showed neither abnormality nor trouble after the test was repeated 
three times and gave a favorable result in terms of electrical properties just like the result of the battery A-1 . But the 
battery A-2 showed a little higher initial internal resistance than the battery A-1 . The battery A-9 also showed a good 
condition after the passage of the furnace and had favorable electrical properties, although the battery had a little 
higher initial internal resistance just like the battery A-2. 

10 [0079] On the other hand, the comparative battery A-3 using propylene carbonate as a solvent exploded, presumably 
because of the increased internal pressure caused by the boiling of the solvent during the passage of the Reflow 
furnace. Also, the comparative battery A-4 including 1 ,2-dimethoxy ethane, which had a low viscosity and a low boiling 
point, showed the least internal resistance, but exploded during the passage of the furnace, presumably because of 
the same reason as the battery A-3. The comparative battery A-5 including lithium hexafluorophosphate as a lithium 

is salt and the battery A-6 including lithium perchlorate both showed an increased internal resistance. This is considered 
due to the increased electrolyte resistance induced by thermal decomposition of the lithium salt after the passage of 
the furnace. As a result, electrical properties of these batteries were destroyed as described. 
[0080] Further, the battery A-7 using polypropylene as a material of a separator, was short-circuited internally be- 
cause the separator melted and shrank during the passage of the furnace, bringing the negative electrode into contact 

20 with the positive electrode. The battery A-8 using polypropylene for a gasket produced a leakage from molten portions 
because of melting of the gasket during the passage of the furnace. As per the number of charge/discharge cycle, 
regardless of the type of the solvent, the electrolytes including lithium bisperfluoromethyl sulfonyl imide as a lithium 
salt gave favorable results with not less than 80 cycles of charge/discharge, compared to the electrolytes including 
other lithium salts. The reason is considered to be that lithium bisperf I uoromethyl sulfonyl imide had a good effect on 

25 the form of lithium deposition oh the surface of the lithium-aluminum alloy of the negative electrode. 

[0081] As described above, the batteries in accordance with the present invention had excellent results in any of the 
discharge performance, the charge/discharge cycle performance and the high thermal resistance at a high temperature 
during the passage of the Reflow furnace. This is because of the thermal resistance of sulfolane which is the main 
component of the solvent of the electrolyte and the thermal resistance, the superior conductivity and the stability for 

30 the lithium-aluminum alloy negative electrode of lithium bisperfluoromethyl sulfonyl imide as a lithium salt. This is also 
because of the obtainment of the thermal resistance to withstand the high temperature of the Reflow furnace enabled 
by the use of polyphenylene sulfide for the battery components, gasket and the separator. Also, when lithium bisper- 
fluoroethyl sulfonyl imide was used as a lithium salt, the similar results to the above could be obtained. 

35 Experiment 2 

[0082] Also hereinafter, the battery of the configuration described in FIG. 1 was produced; 
[0083] The electrolyte used in this experiment included lithium bisperfluoromethyl sulfonyl imide dissolved in 3-methyl 
sulfolane at a concentration of 1 mol/l. Except for the use of this electrolyte of 15uJ,a battery B-1 was produced in the 
40 same manner as the battery A-1. 

[0084] A battery B-2 was produced in the same manner as the battery B-1 except for the use of lithium bisperfluor- 

oethyj sulfonyl imide as a lithium salt. 

[0085] A battery B -3 was produced in the same manner as the battery B-1 except for the use of lithium trifluorometh- 
anesulfonate as a lithium salt. 

45 [0086] A battery B-4 was produced in the same manner as the battery B-1 except for the use of a mixture solvent 
containing 3-methyl sulfolane and sulfolane in a volumetric ratio of 2 : 1. 

[0087] A battery B-5 was produced in the same manner as the battery B-1 except for the use of a separator made 
of cellulose. 

[0088] A battery B-6 was produced in the same manner as the battery B-1 except for the use of propylene carbonate 
50 as the solvent. 

[0089] A battery of B-7 was produced in the same manner as the battery B-1 except for the use of lithium hexafluor- 
ophosphate as a lithium salt. 

[0090] A battery of B-8 was produced in the same manner as the battery B-1 except for the use of a separator made 
of polypropylene. 

55 [0091] A battery of B-9 was produced in the same manner as the battery B-1 except for the use of a gasket made 
of polypropylene. 
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[Evaluation] 

[0092] The batteries B-1 to B-9 thus produced were evaluated in the same manner as the Experiment 1 , except that 
discharge capacity was measured at 20°C with the load of 100 kO connected and measured at -20°C with the load of 
300 kft, and the discharge capacity was obtained based on the ratio against the theoretical capacity of lithium man- 
ganate which was defined as 100. The batteries were caused to pass the Reflow furnace twice. Table 3 shows the 
combination of the battery constituting components. Table 4 lists the results. 
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[0093] According to Table 4, the battery B-1 had discharge capacity of 94% of the theoretical value and showed no 
abnormality after the Reflow furnace passage test was performed twice. Also, the internal resistance remained almost 
unchanged even after the passage of the furnace. This means that the battery was free from thermal damage due to 
the passage of the Reflowfumace and was a favorable battery. The battery B-2 using lithium bisperfluoroethyl sulfonyl 

5 imide as a lithium salt produced the similar favorable result to the battery B-1 . 

[0094] The battery B-3 using lithium trifluoromethanesulfonate showed an increased initial internal resistance and a 
little shortened charge/discharge cycle life, compared to the battery B-1. However, this was not so bad as to cause a 
problem in practical use. The battery B-3 showed no abnormality after the Reflow test was done twice just like the 
result of the battery B-1, and gave a favorable result in the electrical properties. The battery B-4 using the mixture 

10 solvent containing 3-methyl sulfolane and sulfolane in a volumetric ratio of 2: 1 also gave a favorable result in the 
electrical properties, the discharge performance and the condition after the passage of the Reflow furnace. 
[0095] Also, the battery B-4 had 81% of the positive electrode discharge capacity at -20°C, the highest among the 
batteries, showing a favorable discharge performance. This is considered because the use of the mixture solvent 
lowered the freezing point of the electrolyte due to depression of the molar freezing point, elevated the conductivity of 

1S the electrolyte and facilitated the movement of the lithium ions in discharging. 

[0096] The battery B-5 using the separator made of cellulose gave a favorable result just like the battery B-1 using 
■■. the separator made of PPS nonwoven fabric. 

[0097] The battery B-6 using propylene carbonate as a solvent exploded during the passage of the Reflow furnace, 
presumably due to the increased internal pressure induced by boiling of the solvent. 

20 [0098] The Battery B-7 using lithium hexafluorophosphate as a lithium salt had an increased internal resistance. This 
is considered because of the increased electrolyte resistance induced by thermal decomposition of the lithium salt after 
the passage of the Reflow furnace. Thus, the electrical properties of this battery were deteriorated. 
[0099] The Battery B-8 using the separator made of polypropyleh was short-circuited internally because the separator 
melted and shrank during the passage of the furnace, bringing the negative electrode into contact with the positive 

25 electrode. Thus, the battery function was deteriorated. 

[0100] The battery B-9 using the gasket made of polypropylen produced a leakage from molten portions because of 
melting of the gasket during the passage of the furnace. 

[0101] As per the number of charge/discharge cycle, regardless of the type of the solvent, the electrolytes including 
lithium bisperfluoromethyl sulfonyl imide and lithium bisperfluoroethyl sulfonyl imide as a lithium salt gave favorable 

30 results with not less than 80 cycles of charge/discharge, compared to the electrolytes including other lithium salts. This . 
is considered because lithium bisperfluoromethyl sulfonyl imide and lithium bisperfluoroethyl sulfonyl imide had a good 
effect on the form of lithium deposition on the surface of the lithium-aluminum alloy of the negative electrode. 
• [0102] As described above, it was confirmed that the batteries in accordance with the present invention had excellent 
results in any of the discharge performance, the charge/discharge cycle performance and the high temperature resist- 

35 ance during the passage of the Reflow furnace. This is because of the thermal resistance of 3-methyl sulfolane which 
is the main component of the solvent of the electrolyte and the thermal resistance, the superior conductivity and the 
stability for the lithium-aluminum alloy negative electrode of lithium salts. This is also because of the obtain ment of the 
thermal resistance to withstand the high temperature of the Reflow furnace enabled by the use of the gasket made of 
PPS; as well as the separator. made of PPS nonwoven fabric or cellulose, as the battery component. ;; 

4o [0103] Also, the use of the mixture solvent containing 3-methyl sulfolane and sulfolane as the solvent enabled the 
batteries to obtain a further superior low temperature discharge performance. 

Experiment 3 

45 [0104] Also in this experiment, the battery of the configuration described in FIG: 1 was produced. 

[0105] The electrolyte used in this experiment included lithium bisperfluoromethyl sulfonyl imide of a solute dissolved 
... in Tetraglyme as a solvent at a concentration of 1 rnol/l. Except that this electrolyte of 15 |il was charged to a battery 

case comprising the positive can 1, the negative can 2 and the gasket 3, in the same manner as the battery A-1, a 

battery C-1 was produced. 

so [01 06] A battery C-2 was produced in the same manner as the battery C-1 except for the use of lithium trifluorometh- 
ansulfonate as a lithium salt. 

[0107] A battery C-3 was produced in the same manner as the battery C-1 except for the use of a mixture solvent 
containing Tetraglyme and sulfolane in a volumetric ratio of 6 : 4. 

[0108] Also, a battery C-3 1 was produced in the same manner as the battery C-1 except for the use of a mixture 
55 solvent containing Tetraglyme and 3-methyl sulfolane in a volumetric ratio of 6 : 4. 

[0109] A battery C-4 was produced in the same manner as the battery C-1 except for the use of a mixture solvent 
containing Tetraglyme, 3-methyl sulfolane and sulfolane in a volumetric ratio of 3 : 1 : 1 . 

[0110] A battery C-5 was produced in the same manner as the battery C-1 except for the use of a separator made 
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of cellulose. 

[0111] For comparison, a battery C-6 was produced in the same manner as the battery C-1 except for the use of 
propylene carbonate as a solvent. 

[0112] A battery C-7 was produced in the same manner as the battery C-1 except for the use of lithium hexafluoro- 
phosphate as a lithium salt. 

[0113] A battery C-B was produced in the same manner as the battery C-1 except for the use of a separator made 
of polypropylene. 

[0114] A battery C-9 was produced in the same manner as the battery C-1 except for the use of a gasket made of 
polypropylene. 

[0115] The batteries thus obtained, C-1 to C-9, were evaluated in the same manner as the Experiment 1 with the 
following exceptions. The discharge capacity was measured at 20°C with the load of 100 connected and with a 
constant current of 0.1mA, charge/discharge cycle test was performed by setting the upper limit of voltage at 3.25V 
and the lower limit at 2.0V, to obtain maximum number of charge/discharge cycle. The discharge capacities were based 
oh the ratio against the theoretical capacity of lithium manganate which was defined as 100. Table 5 shows the com- 
bination of the battery components and Table 6 shows the results. 



17 



EP 0 975 042 A2 



10 



15 



20 



25 



30 



35 



40 



45 



SO 



55 



"1 

CO 
rH 



4-» 




















< 


CD 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 






ou 


cu 


CU 


04 


cu 


ou 


cu 


cu 


Cu 


0« 


01 
CO 


cu 


Ou 


0* 


04 


04 


0* 


cu 


Cu 


CU 


CU 


D 






















Li 












fit 

cu 










u 












Oi 










j t 












0 










(d 


03 


C/l 


CO 


CO 


CO 


H 


CO 


CO 




C/l 




CU 




cu 


cu 


cu 




CU 


cu 


cu 


cu 


td 


CU 


cu 




cu 


Oi 


fH 


cu 


cu 


cu 


CU 


Oi 












fH 










CD 












CD 






















CJ 












. . w 






CD 


CD 


#1% 

w . 


CD 




ffl 






#r-t 




*o 


rrl 


rrl 


rrl 


•o 




rrl 










^H 


•H 




•H 






*H 






B 




B 


r— 
C 


c 


B 






c 


B 




*tH ■ 




■H 


*H 


*H 


•H 






"H 


*H 




^ 1 




fH 


fH 


fH 










t 

f^ 




. . rH 






»>t 


»»» 
?t 


i>1 


f^» 






i>1 




r*' 


CD 




c 




W 


c 




CC 


/— • 
U* 




s\ 
\J 


■M 


o 


u 


vJ 


yj 


0 




r*\ 






4-j . 


AS 






*W 


*W 


tt 1 . 






|M 








rH 


»H 


iH 


1 


fH 






•H 






o 


3 




S3 


H 


f-1 
•-J 








- 

•P 


. CO 




CO 


CO 


CQ 


CO 


■ CO 




CO • 


CO 


rH ' 




fH 




















•H 




. 

fH 


fH 


*H 


fH 


rH 




•H. 


• *H 


CO 




CQ 


>i 


.. >i 


>i 


>t 


•si 


"J 


i>l 






,c 


CD 


rC 


XX 




XX 


JC 




jC 




E 






+j 


4-» 




-M 


4J 




4-» 


*j 


3 


CD 


(0 


CD 


CD 


CD 


CD 


rll 




CD 


CD 


•H 


E ■ 


XX 


E 


E 


E 


C 


C 


/■* 
w 


b 


r— 
C 


£ 


o 


4-» 


o 


8 


O 




O 


XX 


O 


O 


4-> 




CD 


M 


M 


U 


r4 


H 


n. 

Um 


H 


t, 
H 


iH 


O 


£ 


O 


O 


O 


O 


0 


0 


0 


O 


►4 


3 


o 


3 


3 


O ' 


,3 


■ a-. 


u 




3 




rH 


u 


ih; 


fH 


rH 


iH 


rH 


0 


rH 


rH 




»W 


o 


m 


*M 




<U 


(U 


. D 




«H 




M 


3 


u 


U 


M 


M 




H 


u . 


M 




CD 


fH 


CD 


CD 


CD 


CD 


CD 


«4-l 


CD 


CD 




Q. 


tu 


Pi 


cv 


CU 


a 


a 


«J 


a 


a 




CO 


•H 


to 


CO 


CO 


CQ 


CO 




CO 


CO 




•H 


M 


■H 


•H 


•H 


H 


•H 


CD 


H 


■H 




.O 






,Q 


X) 


XD 


XI 










E "■ • 


g 


g . 


E 


E 


E 


E 


E 


E- ' 


E 












s 






3 


" 3- 


C3 






-H 


«H 


■H 


-H 


•H 


-H 


«H 


H 


H 




.c 


XS : 


.C 


x: 












x: 






4J 


4-> 


4J 




+J 




4J 








•H 


■H 


•H 


H 


-H 


-H 


«H : 


H 


•H 


-H 






►4 


►J 


»J 


iJ 


• J • 


|J 


►J 


•J 


a 
















CD 








































C 




(0 
















*o 


<a 




C .: 
















rH 


fH 




O 








■M 








fo 


fo 




rb 








a 








rH 


H 












CD 














O 








> 


CO 


CD 


CD 


CD CQ 


<u co 












rH 


EE 


E 


E CD 




6 a) 


E 


CD 


E 


E 


E 


o 


%■ 


>i 


>t C 


*h 


>irH C 


>i 


■ C 




>i 


>» 


to 


•H 






H >, 


•H >i 03 


H 


CD 


H 


H 


H 








D)rH 


01 XX 




0) 


rH 


O) 


0) 


O) 






(0 


<c o 


(0 -P 


(d4J 0 


<TJ 




to 


nj 


ra 










U CD 


M CD W 


u 


a 


»H 


U 


J4 








4J «H 


+J E 


P E H 




0 


■P 


4-» 


■M 




cu 


CD 


CD 3 


CD 1 


CD 1 0 


CD 


u 


CD 


CD 


CD 






Ei 


^ CO 


e n 


^ ro CO 




cu 






&h 






<N 


rn 


m 




to 


vD 


i 


CO 
1 


a\ 
1 




1 

o 


1 

u 


1 

O 


1 

a 


CJ 


1 

U 


1 

O 


O 


a 


CJ 



18 



EP 0 975 042 A2 



10 



is 



20 



25 



30 



35 



40 



45 



50 



55 



0) 



CD 
CJ 
C 

4J O 
CO «H 

■H 

CO CD 

co os 

CD 

2 -m a 

CD CD 



M 03 



4-» 

tn 

CD 



tn 

CO 



O 

<D 
Oi 
CO 

£0 <3> 
2 

a c 

<0 M-l 

<d o 

O CD 



CD 



CD 

C en 
O (o 

a cu 



(0 
Cl 

u * 
.c CD 

o e 

w -H 

•H 4J 

•a — 

CD m 
^ ° 



co a~ 

•H (0 *> 



CD 
O 
■4 C 
H flj flj 
O CP 

CD «H ^ 
-H 4-» C/> Q 
C C <D w 

H t( t| 



u 

03 



O 
O 



O 
O 



O 
O 



o 
o 



o 

CN 



O 

CO 
CO 



CM 



o 

m 



■a 
o 
o 



•a 
o 
o 
u 



•a 
o 
o 
a 



o 
o 



o 
o 



o 
o 



o 
o 



•a 
o 
o 
o 



O 

o 
o 



•a 
o 
o 



o 
o 

ID 



CO 
CO 



•a 
o 
o 



co 



•a 
o 
o 
u 



O 
O 



•a 

o 
o 
o 



•a 
o 
o 
a 



a> 
•a 
o 

H 
Di 
X 

pa 



T3 
O 
O 

o 



•a 
o 



a: 
itj 

CD 



O 
C7\ 



O 



CO 



o 
o 



to 



CO 
CO 



CM 

as 



ON 
CO 



m 
o 



o 
o 



rsl 
cn 



ro 



m 
o 

CN 



ro 

(N 
CN 



o 

OA 
(N 



O 
O 



CO 



*-4 
1 


fN 


co 


u 


I 

u 


i 

u 



vo 
i 



19 



EP 0 975 042 A2 



[0116] According to Table 6, the battery C-1 had discharge capacity of 93% of the theoretical value and showed no 
abnormality after the Reflow furnace passage test was repeated three times. Also, the internal resistance remained 
almost unchanged even after the passage of the furnace. This means that the battery was free from thermal damage 
due to the passage of the Reflow furnace and produced a favorable result. The battery C-2 using lithium trifluorometh- 
5 anesulfonate as a lithium salt had a higher initial internal resistance value than that of the battery C-1. However, the 
battery C-2 showed no abnormality after the Reflow test was repeated three times just like the battery C-1 and gave 
a favorable result of the electrical properties. 

[01 1 7] The battery C-3 and C-3' had a high initial internal resistance, because the use of the mixture solvent containing 
. sulfolane or 3-methyl sulfolane in a volumetric ratio of 40% lead to an increase in electrolyte viscosity. However, the 

10 battery C-3 and C-3' gave a favorable result in terms of the charge/discharge viscosity, compared to the battery C-1, 
and also showed no abnormality in the Reflow furnace passage test. The battery C-4 to which sulfolane and 3-methyl 
sulfolane were further added showed a further improved result in terms of the electrical properties compared to the 
battery C-3, because the amount of Tetraglyme contained in the electrolyte was decreased. 
[0118] The battery C-5 had a high initial internal resistance compared to the battery C-1, but except this, gave a 

is favorable result. 

[0119] Contrary to these results, the battery C-6 exploded, because propylene carbonate used as a solvent boiled, 
thereby inducing the increased pressure. Also, the battery C-7 had an increased internal resistance of the electrolyte, 
because lithium hexafluorophosphate used as a lithium salt was thermally decomposed during the passage of the 
furnace. This means the increased internal resistance and shows that the electrical properties of the battery were 
20 destroyed. 

[0120] The battery C-8 showed shrinkage of the separator and was short-circuited internally. This is because poly- 
propylene used for the separator was exposed to a temperature higher than the meltihg temperature during the passage 
of the furnace and thereby the separator melted and shrank, bringing the negative electrode into contact with the 
positive electrode. The battery C-9 showed a leakage from the gasket made of polypropylene. This is because the 
25 gasket shrank and melted due to the same phenomenon as the battery C-8, thus causing the leakage from the molten 
portion of the gasket. 

[0121] As per the number of charge/discharge cycle, regardless of the type of the solvent, the batteries including 
lithium bisperfluoromethyl sulfonyl imide as a solute gave favorable results with batteries not less than 80 cycles of 
charge/discharge, compared to the batteries including other lithium salts. This is considered because jithium bisper- 
30 fluoromethyl sulfonyl imide had a good effect on the form of lithium deposition on the surface of the lithium-aluminum 
alloy of the negative electrode. 

[01 22] As described above, it was confirmed that the batteries in accordance with the present invention had excellent 
results in any of the discharge; performance, the charge/discharge cycle performance and the high temperature resist- 
ance during the passage of the Reflow furnace. This is because of the thermal resistance of Tetraglyme which is the 
35 main component of the solvent of the electrolyte and the thermal resistance, the conductivity and the stability for the 
lithium-aluminum alloy negative electrode of lithium bisperfluoromethyl sulfonyl imide of the solute. The similar results 
could be obtained when lithium bisperfluoroethyl sulfonyl imide was used as a solute. 

[0123] Further, the use of polyphenylene sulfide for the separator arid the gasket makes it possible to obtain the 
stability against the above-mentioned organic electrolyte as well as the thermal resistance during the passage of the 
40 Reflow furnace. 

Experiment 4 

[0124] Batteries C-10 to C-16 were produced in the same manner as the battery C-1 , except for the use of a mixture 
45 solvent containing Tetraglyme and sulfolane in the mixing ratio shown in Table 7. For these batteries, lithium manganate 
was used for the positive electrode, a lithium-aluminum alloy for the negative electrode and polyphenylene sulfide for 
a gasket and a separator. 

[0125] The Reflow furnace passage test was performed by causing the batteries to pass the inside of the high fre- 
quency heating Reflow furnace, to examine high temperature resistance of the batteries C-10 to C-16. For this test, 
50 the batteries were caused to pass the furnace twice in the same temperature profile as that of the Experiment 1 . After 
the test, occurrence of explosion and leakage was observed by visual inspection, but any of the batteries C-10 to C- 
16 produced neither leakage nor explosion. 

[01 26] Subsequently, using the batteries having been subjected to the Reflow furnace test, discharge test was con- 
ducted with these batteries connected to resistance of 300 kQ under an environment of -20°C. Also, using the batteries 
55 . having been subjected to the Reflow test, after they were stood in a thermostat of 60°C for 1 00 days, another discharge 
test was conducted with these batteries connected to resistance of 51 kft at room temperature. Based on the meas- 
urements of discharge capacity obtained by these discharge tests, the ratio against the theoretical capacity was ob- 
tained in the same manner as the Experiment 3. Table 7 shows the results. Further, self-discharging rate was obtained 
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based on the discharge capacity before and after the storage of 100 days. Table 7 also shows this result 



Table 7 



Battery C 


Compposition of a mixture solvent 
(vol%) 


Evaluation results 


Tetraglyme 


Sulfolane 


Discharge 
capacity (%) 


Remaining 
capacity (%) 


Self-discharging 
rate (%) 


10 




100 


0.1 


95 


5 


11 


1 


99 


10 


92 


8 


12 


5 


95 


31 


90 


10 


13 


60 


40 


55 


88 


12 


14 


90 


10 


60 


83 


17 


15 


92 


8 


62 


70 


30 


16 


100 




70 


59 


41 



20 [01 27] According to Table 7, the battery C-1 0 using only sulfolane as a solvent hardly discharged in the environment 
of -20°C. This is considered because the electrolyte itself froze. On the other hand, as per the batteries C-11 to C-1 6 
containing Tetraglyme, the discharge capacity in the low temperature environment increased, as the ratio of Tetraglyme 
contained in a solvent increased. Especially, the battery C-1 using only Tetraglyme as a solvent showed the most 
favorable result in terms of the discharge capacity in this environment. From these, it has been discovered that when 

25 sulfolane is only used as a solvent of an electrolyte, the electrolyte freezes at -20^, but that if Tetraglyme is added to 
the solvent, the electrolyte of such solvent does not freeze so that discharging in the low temperature environment is 
possible. In this case, Tetraglyme is also considered to have an effect of improving the conductivity of the electrolyte 
itself. 

[0128] On the other hand, from the viewpoint of the reliability in long term storage, the battery C-10 using only sul- 
30 folahe is preferable. The battery C-1 6 using the solvent comprising onlly Tetraglyme showed a high self-discharging 
rate of not less than 40%. The increasing rate of the self-discharging rate changed at 90% of the volumetric ratio of 
Tetraglyme contained in a solvent, and the self-discharging rate of the batteries of C-1 5 and C-1 6 containing Tetraglyme 
in a higher ratio than 90% sharply multiplied. On the contrary, regarding the batteries C-1 0 to C-T4 containing Tetraglyme 
in a ! volumetric ratio of not more than 90%, the self-discharging rate decreased, as the ratio of sulfolane increased. 
35 Especially, the battery C-10 using only sulfolane as a solvent showed a low self-discharging rate of 5%, having an 
: excellent reliability in long term storage. Therefore, it can be concluded that the battery containing sulfolane mainly as 
a solvent has a small self -discharging rate compared to the battery containing Tetraglyme mainly. 
[0129] From the viewpoint of the battery performance required for the organic electrolyte battery such as discharge 
performance in a low temperature environment and reliability in long term storage, the mixture solvent of sulfolane arid 
40 3-methyl sulfolane is preferable to the solvent containing Tetraglyme. Particularly, the mixture solvent containing Tet- 
raglyme in a mixing ratio of not more than 90% as welt as sulfolane and 3-methyl sulfolane is preferable in terms of 
the battery performance. 

[0130] Also, the batteries which needs reliability in long term storage more than discharge performance in a low 
temperature environment, for example, the batteries to be used in a room temperature environment mainly for memory 
45 back-up power source of various appliances, should preferably contain Tetraglyme in a solvent in a ratio of 5 to 60%. 
[0131] In this experiment, the use of the solvent containing 3-methyl sulfolane as well as Tetraglyme also made it 
possible to obtain the battery having both discharge performance in the low temperature environment and. reliability 
during long term storage. 

so Experiment 5 

[0132] In this experiment, a coin-shaped organic electrolyte battery of the configuration described in FIG. 1 was 
produced. A positive can 1 of stainless steel was combined with a negative can (or a seal plate) 2 so as to form a 
battery case of 6.8 mm in diameter and 2.1 mm in thickness. PPS was used for a gasket 3 to be inserted between the 
55 positive can 1 and the negative can 2. Isobutylene-isoprene rubber diluted with toluene was used for a sealant (not 
illustrated in FIG. 1) to be placed between the gasket 3 and the positive can 1 and between the negative can 2 and 
the gasket 3, and was applied to th gasket, which was then placed at a predetermined position. 
[01 33] A positive electrode 4 was prepared as follows. An active material lithium manganate was mixed with carbon 
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black as a conductive agent and a powder of fluorocarbon resin as a binder, and the mixture was molded to a pellet 
of 4 mm in diameter and 1.2 mm in thickness, followed by drying at 250°C for 12 hours. The pellet-shaped positive 
material thus obtained was mounted onto a positive current collector 7 formed by applying carbon paint on the internal 
surface of the positive can 1 . 

s [01 34] Meanwhile, a negative electrode 5 was produced as follows. An aluminum-manganese alloy containing man- 
ganese in a weight ratio of 5% was punched out into a disc of 4 mm in diameter and 0.3 mm in thickness and the disc 
of the alloy was provided inside of the positive can 2. 

[01 35] Also, in assembling the battery, a metallic lithium foil was pressurized and adhered onto the aluminum alloy, 
and lithium was then absorbed in the presence of an electrolyte into the aluminum alloy to electrochemically produce 

10 a lithium-aluminum alloy. The alloy thus obtained was used as the negative electrode 5. 

[0136] For a separator 6 to be placed between the positive electrode 4 and the negative electrode 5, PPS was used 
just like the gasket. For an electrolyte, a lithium salt was dissolved as a solute in sulfolane of an organic solvent. The 
electrolyte of 1 0uJ was charged to a battery case. The battery thus obtained was named D-1 of this experiment. 
[0137] A battery D-2 was produced in the same manner as the battery D-1, except that styrene-butadiene rubber 

15 diluted with toluene ( toluene : sealant = 95 : 5 (by weight)) was applied to the gasket 3 as a sealant. 

[01 38] A battery D-3 was produced in the sarhe manner as the battery D-1 , except that fluorocarbon resin of which 
a part of the side chains is substituted with a silicon resin, diluted with toluene, was applied to the gasket 3 as a sealant 
and was dried at 160 C for four hours. 

[01 39] For comparison, a battery D-4 was produced in the same manner as the battery D-1 , except that pitch was 
20 applied to the gasket 3 as a sealant. 

[0140] The batteries thus obtained D-1 to D-4 were caused to pass the high frequency heating Reflow furnace in the 
. sarin e manner as the Experiment 1 to perform a high temperature environment resistance test. 

[0141] In this experiment, however, 50 batteries per each battery D-1 to D-4 were observed beforehand to confirm 

that they had no leakage, then were caused to pass the Reflow furnace to examine occurrence of the leakage. The 
25 batteries which had no leakage then were again caused to pass the furnace to examine the occurrence. Table 8 lists 

the results. 



Table 8 
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Battery 


Kind of sealant 


Leakage occurrence ratio after Passage of the Reflow furnace (%) 


First passage 


Second Passage 


D-1 


Isobutylene-isoprene rubber 
(Mooney viscosity 40 Unsatu ration 
ratio 3 mol%) 


0 


6 


D-2 


Styrene-butadiene rubber 
■ (Mooney viscosity 50 Unsaturation 
ratio 15 mol% Styrene: 
: Butadiene=25:75(by weight) 


■ 0 . 


2 


D-3 


VDF of fluorocarbon resin of which 
a part of the side chains is 
substituted with a silicone resin 


2 : 


4' 


D-4 


Pitch 


100 





[01 42] According to Table 8, the batteries in accordance with the present invention have an excellent leakage resist- 
ance after the passage of the Reflow furnace compared to the battery D-4 using pitch as a sealant. From the above, 
this test has given a result that any of the batteries D-1 , D-2 and D-3 of the present invention hardly caused leakage 
and thus has an excellent leakage resistance after the passage of the Reflow f urnace. This is because Isobutylene- 
isoprene rubber, styrene-butadiene rubber and fluorocarbon resin of which a part of the side chains is substituted with 
a silicon resin, which were used for the sealant, had thermal resistance so that thermosoftening was not caused. 
[0143] In this experiment, sulfolane was used as the solvent of the organic electrolyte, however, the similar effects 
can also be obtained if 3-methyl sulfolane or Tetraglyme is used. 

[0144] The present invention can provide an organic electrolyte battery having an excellent discharge performance 
in a low temperature environment and a superior reliability during long term storage, as well as a high temperature 
resistance which enables the battery to be mounted onto a substrate according to the Reflow method. 
[0145] Furthermore, the present invention also has an effect of simplifying the manufacturing process of small-sized 
portable appliances for which the battery of this kind are used, because the invention enables the mounting of the 
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battery onto a substrate by the automatic soldering. 



Claims 

1. An organic electrolyte battery configured by sealing power generating elements comprising an organic electrolyte 
by a positive can, a negative can and a gasket, wherein said organic electrolyte includes a lithium salt containing 
a sulfonic acid group as a solute and at least one selected from a group consisting of sulfolane, 3-methyl sulfolane 
and Tetraglyme as a solvent. 

2. The organic electrolyte battery in accordance with Claim 1, wherein said lithium salt containing a sulfonic acid 
group is lithium trifluoromethanesulfonate. 

3. The organic electrolyte battery in accordance with Claim 1, wherein said lithium salt containing a sulfonic acid 
group is a lithium salt containing an imide bond in the molecule. 

4. The organic electrolyte battery in accordance with Claim 3, wherein said lithium salt containing an imide bond in 
the molecule is lithium bisperfluoromethyl sulfonyl imide or lithium bisperfluoroethyl sulfonyl imide. 

5. The organic electrolyte battery in accordance with Claim 1 , wherein said gasket is made of polyphenylene sulfide. 

6. The organic electrolyte battery in accordance with Claim 1, wherein said separator is made of polyphenylene 
sulfide or cellulose. 

7. The organic electrolyte battery in accordance with Claim 1 , wherein a sealant made of at least one selected from 
a group consisting of isobutylene-isoprene rubber, sty rene-butadiene rubber and fluorocarbon resin of which a 
part of the side chains is substituted with a silicon resin is disposed at a portion where said gasket is in contact 
♦with said positive can and said negative can. 

8. .An organic electrolyte battery according to claim 1, wherein the solvent is selected from any two of sulfolane, 
- -3-methyl sulfolane and tetraglyme. 

9. An organic electrolyte battery according to claim 8, wherein the solvent is selected from; a mixture of sulfolane - 
and 3-methyl sulfolane; 

a mixture of sulfolane and tetraglyme; 

a mixture of 3-methyl sulfolane and tetraglyme or a mixture of sulfolane, 3-methyl sulfolane and tetraglyme. 
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